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INTRODUCTION
The premature rupture of membranes is a common event,
and during the preterm period, it occurred in 1% of all preg-
nancies. Despite recent advances in perinatal care, preterm
premature rupture of membranes (pPROM) continues to
lead to important obstetric complications (1). The frequency
and severity of neonatal complications after pPROM vary
with the gestational age at which rupture and delivery occur.
In particular, the risk of complications increases with decreas-
ing gestational age at membrane rupture and delivery (2).
Moreover, the optimal management of pPROM is uncertain
and many controversies remain (3). 
The risks of immediate delivery include the major seque-
lae of prematurity, such as, hyaline membrane disease and
intracranial hemorrhage. Latency is an important factor for
neonatal survival in these patients. However, these patients
face several factors that lead fetal morbidity and mortality.
Amnionitis, advanced labor, and nonreassuring fetal status
usually force the clinician to affect delivery despite fetal imma-
turity. And, it has been reported that histologic chorioam-
nionitis is the one of the various causes of neonatal brain
damage, such as, intraventricular hemorrhage (IVH) and ger-
minal matrix hemorrhage (GMH) (4-6). Chorioamnionitis
or intrauterine fetal infection has been recognized in humans
and animal models as possible precursors to fetal cerebral
injury (7, 8). 
In 1993, Leviton (9) hypothesized that intrauterine infec-
tion activates the fetal production of proinflammatory cyto-
kines (TNF, IL-6), which subsequently contribute to perina-
tal injury, including white matter damage and periventricu-
lar leukomalacia. Several years later, Yoon et al. (10) and Gomez
et al. (11) supported this hypothesis by reporting a significant
association between umbilical cord plasma IL-6 concentra-
tions and IVH and periventricular leukomalacia. Thus, the
intensity of intrauterine infection appears to increase with
increasing latency (12, 13), conservative treatment might
potentiate neurologic damage. To evaluate this hypothesis,
we assessed the relationship among latency interval, the risks
of histologic chorioamnionitis and neonatal brain damage. 
MATERIALS AND METHODS  
Study population 
Between January 1998 and March 2003, the medical re-
cords of 115 singletons delivered prior to 34 weeks and com-
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Neonatal Brain Damage Following Prolonged Latency after Preterm
Premature Rupture of Membranes
This study evaluated the risk of brain damage in neonates delivered at <34 weeks
following a prolonged latency after preterm premature rupture of membranes (pPROM).
The medical records of 77 singletons delivered at <34 weeks with pPROM and 66
singletons delivered at <34 weeks with preterm labor and intact membranes were
reviewed. Latency was divided into four intervals: ≤24, >24-≤72, >72-≤168 hr,
and >1 week. Outcomes in the longer three intervals were compared with those in
neonates delivered at ≤24 hr after pPROM. The documented outcomes were pla-
cental (histologic chorioamnionitis, vasculitis, funnisitis) and neonatal (intraventric-
ular hemorrhage, ventriculomegaly, germinal matrix hemorrhage, periventricular
leukomalacia). Odds ratios and 95% CI for the risk of histologic chorioamnionitis
according to the respective latency intervals were 4.8 (1.0-22.9), 7.0 (1.1-43.1), 7.4
(2.1-42.3) in patients with pPROM. The risks of intracranial ultrasonic abnormalities,
however, did not increased with prolonged latency. In the patients with preterm
labor and intact membranes, the both risks did not increased with increasing laten-
cy. Therefore, this study was suggested that the risk of histologic chorioamnionitis
increased with increasing latency, but there was no relationship between neonatal
brain damage and latency interval after pPROM.
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plicated by pPROM and of 251 singletons delivered prior
to 34 weeks complicated with preterm labor but with intact
membranes were reviewed at the Samsung Cheil Hospital
in Seoul, Korea. Patients without results of placental patholo-
gy and neonatal cranial ultrasound results and those with
placental abruption and preeclampsia were excluded. Accord-
ingly, 77 mothers and neonates for pPROM group and 66
mothers and neonates for preterm labor with intact mem-
branes met the entry criteria. This study was approved by
institutional review board.
Criteria for the diagnosis
The term ‘‘latency’’ refers to the time between membrane
rupture and delivery (2). However, in this study, we consid-
ered that pregnant women that did not remember the accu-
rate time of rupture. So, latency was defined as the time from
arrival at delivery room to delivery. The latency was divided
into four clinically relevant intervals: ≤24, >24-≤72, >72-
≤168 hr, and >1 week, which correlated with steroid ther-
apy to reduce respiratory distress syndrome. This was also
applied to intact membranes group. 
PROM was diagnosed by a sterile speculum examination
with a combination of vaginal pooling, nitrazine, and fetal
fibronectin testing. A diagnosis of preterm labor was made
in the presence of contractions occurring at a frequency of 4
in 20 min or 8 in 60 min plus progression in the cervix or a
cervical dilatation ≥1 cm or a cervical effacement ≥80%.
We defined steroid exposure as any exposure to steroids, re-
gardless of completion of the full 48 hr course because even
partial exposure is known to confer pulmonary and neuro-
logic benefit (14, 15) and antibiotic exposure as any antena-
tal antibiotic administration after admission.
Histologic chorioamnionitis was performed by examining
tissue samples from umbilical cord, chorionic plate, and mem-
branes fixed with 10% neutral buffered formalin, and embed-
ded in paraffin. Sections of tissue block were stained with
hematoxylin and eosin. Clinical chorioamnionitis was diag-
nosed in the presence of a temperature elevation to 37.8℃
or higher and two or more of the following four criteria;
uterine tenderness, malodorous vaginal discharge, fetal tachy-
cardia >160 beats/min, and maternal leukocytosis >15,000
cells/ L as described by Gibbs and colleagues (16).
Cranial ultrasound scans were obtained before day of life
3, on days 7, at discharge or at days 30. In cranial ultrasound
scans we examined for intraventricular hemorrhage (IVH),
ventriculomegaly, periventricular leukomalacia, germinal
matrix hemorrhage (GMH). As described by Salafia and col-
leagues (4), early GMH was defined as a diagnosis of GMH
within 72 hr of birth, and late GMH as all other cases of
diagnosed GMH after 72 hr of life.
A diagnosis of neonatal sepsis was made in the presence of
a positive culture of blood, urine, or cerebrospinal fluid. Sus-
pected neonatal sepsis was diagnosed in the absence of a pos-
itive culture when two or more of the following criteria was
present; 1) a white blood cell count of <5,000 cells/ L; 2) a
polymorphonuclear leukocyte count of <1,800 cells/ L; 3)
an I:T ratio (ratio of bands to total neutrophils) >0.2; 4) C-
reactive protein positive; and 5) a platelets count of <80,000
cells/ L. These criteria have been previously used in the pedi-
atric and obstetrics literature (11). Necrotizing enterocolitis
was diagnosed in the presence of abdominal distention and
feeding intolerance for at least 24 hr (vomiting or increased
gastric residual) with clear radiologic evidence of intramural
air, perforation, and meconium plug syndrome. 
Statistical analysis 
Results were presented as means±standard deviations for
continuous variables and percentages for nominal variables.
Statistical tests utilized were one-way analysis of variance
and chi-square testing. To evaluate possible confounding,
we carried out univariable analyses. Logistic regression was
used to investigate the regression relationships between the
latency interval and histologic chorioamnionitis after con-
trolling for gestational age at delivery, the uses of antibiotics
and corticosteroid, neonatal birthweight at delivery, and deliv-
ery mode; early GMH, late GMH. SPSS version 10.0 was
used and a pvalue of <0.05 was considered significant.
RESULTS
Characteristics of study population 
There were no statistically significant differences between
study groups with regard to maternal age, gestational age at
admission, gestational age at delivery, and neonatal birth-
weight, but 1-, 5-min Apgar scores were higher in the pPROM
group (Table 1). There were five perinatal deaths. In the
pPROM group, two neonates died; one at 27 weeks (1,185
gram) and the other at 29 weeks (1,240 gram) died from dis-
seminated intravascular coagulation (DIC) and pulmonary
hemorrhage. The latency interval was 1 hr in one and 3 hr
in the other. In the intact membrane group, neonatal death
occurred in three neonates; one at 25 weeks (1,040 gram),
another at 26 weeks (820 gram), and the other at 27 weeks
(1,300 gram) died from respiratory distress syndrome and
DIC, respectively. The latency interval was 23 hr in one, 32
hr in another, and 12 hr in the other. 
Maternal complications and placental histologic outcomes
by latency interval 
In the pPROM group, clinical chorioamnionitis, vasculitis,
funisitis did not increase with increasing latency interval.
However, histologic chorioamnionitis increased with increas-
ing latency interval. In the intact membranes group, vasculi-Neonatal Brain Damage in Prolonged pPROM 487
tis and funisitis were not observed (Table 4). 
Cranial ultrasound abnormalities by latency interval 
In patients with pPROM, two neonates had ventriculo-
megaly. One was strongly suggested aqueductal stenosis and
the other was spontaneously recovered. No relationship was
observed between latency interval and neonatal brain dam-
age in either group (Table 3, 5). We reevaluated neonatal
cranial ultrasound results of pPROM patients without results
of placental pathology. In total 115 patients with pPROM,
no statistically significant relationship was observed between
latency interval and neonatal brain damage.
Neonatal sepsis by latency interval 
A positive blood culture was obtained in 3 infants of the
pPROM group and in 4 infants of the intact membrane group.
Within 24 hr after birth, the results of blood culture were
positive in 2 infants of the pPROM group and in 2 infants
of the intact membrane group. The microbial isolates were
Coagulase negative Staphylococcus (n=3), Klebsiella pneumoniae
(n=1), Candida rucidase (n=1), Enterobacter cloacae (n=1), Xan-
thomonas maltophila (n=1). In four cases (4/7), histologic cho-
rioamnionitis was accompanied by a positive blood culture.
However, latency interval was not associated with neonatal
sepsis in either group (Table 3). 
DISCUSSION 
In the present study, we found that the risk of histologic
*Preterm premature rupture of membranes; 
� Gestational age.
pPROM* group
(n=77)
Intact meme-
branes group
(n=66)
p value
Age (yr) 32.5±4.7 31.7±4.4 0.81
Nulliparity (%) 42 (54.5) 24 (36.4) 0.04
GA
�at admission (weeks) 30.1±2.6 30.4±2.8 0.82
GA
�at delivery (weeks) 30.6±2.4 30.7±2.4 0.71
Cesarean section (%)  56 (72.7) 51 (77.3) 0.33
Birth body weight (grams) 1642.6±428 1555.7±451 0.33
1 min Apgar score 5.8±1.8 5.0±2.2 0.08
5 min Apgar score 7.2±1.3 6.8±1.8 0.04
Neonatal death (%) 2 (2.6) 3 (4.5) 0.70
Latency (hr) 111.1±197 82.8±139 0.99
Table 1. Obstetric characteristics of study population 
Latency (hr)
≤24 24-72 72-168 >1 week p value
Variables
pPROM* group
Number 28 25 12 12
Clinical chorioam-  1 (3.6) 1 (4.0) 1 (8.3) 1 (8.3) 0.45
nionitis (%)
Histologic chorioam-   5 (17.9) 9 (36) 5 (41.7) 6 (50.0) 0.03
nionitis (%)
Vasculitis (%) 4 (14.3) 1 (4.0) 1 (8.3) 0 0.15
Funnisitis (%) 2 (7.1) 2 (8.0) 0 1 (8.3) 0.82
Intact membranes group
Number 36 14 6 10
Clinical chorioam-  1 (2.8) 0 0 0
nionitis (%)
Histologic chorioam-  6 (16.7) 5 (35.7) 2 (33.3) 1 (10) 0.97
nionitis (%) 
Vasculitis (%) 0 0 0 0
Funnisitis (%) 0 0 0 0
Table 2. Placental histologic outcomes according to latency
interval
*Preterm premature rupture of membranes.
Latency
(hr)
Histologic chorioamnionitis
pPROM* group
No. (%)
Adjusted OR
(95% CI)
Intact membranes group
No. (%)
Adjusted OR
(95% CI)
≤24 5 (17.9) 1.0 6 (16.7) 1.0
24-72 9 (36.0) 4.8 (1.0-22.9) 5 (35.7) 2.0 (0.2-15.9)
72-168 5 (41.7) 7.0 (1.1-43.1) 2 (33.3) 2.9 (0.2-36.9)
>1 week 6 (50.0) 7.4 (2.1-42.3) 1 (10.0) 0.46 (0.3-8.5)
Table 4. Rates and adjusted odds ratios for histologic chorioam-
nionitis according to latency interval
Latency (hr)
≤24 24-72 72-168 >1 week p value
variables
pPROM* group
Number 28 25 12 12
IVH
�(%) 0 0 0 0
Ventriculomegaly (%) 0 0 0 1 (8.3)
Early GMH
�(%) 5 (20) 5 (14.3) 3 (25) 2 (16.7) 0.91
Late GMH
�(%) 1 (3.6) 4 (16) 2 (16.7) 1 (8.3) 0.45
Suspected neonatal  13 (46.4) 10 (40.0) 4 (33.3) 6 (50.0) 0.19
sepsis (%)
Proven neonatal  3 (10.7) 0 0 0
sepsis (%)
Intact membranes group
Number 36 14 6 10
IVH
�(%) 2 (5.6) 1 (7.1) 0 0 0.41
Ventriculomegaly (%) 2 (5.6) 1 (7.1) 0 0 0.41
Early GMH
�(%) 6 (16.7) 3 (21.4) 4 (66.7) 2 (20) 0.26
Late GMH
�(%) 2 (5.6) 1 (7.1) 1 (16.7) 1 (10) 0.46
Suspected neonatal  0 1 (14.3) 0 7 (36.8)
sepsis (%)
Proven neonatal  2 (5.6) 2 (5.6) 0 0
sepsis (%)
Table 3. Neonatal outcomes according to latency interval 
*Preterm premature rupture of membranes; 
�
Intraventricular hemmorhage;
�
Germinal matrix hemorrhage.
*Preterm premature rupture of membranes.
Adjusted factor: use of antibiotics and steroid, delivery mode, gesta-
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chorioamnionitis increases with latency, but no relationship
was between the neonatal brain damage and latency inter-
vals in patients with pPROM. In the patients with preterm
labor and intact membranes, histologic chorioamnionitis and
neonatal brain damage were not associated with latency inter-
val. These results were accorded with those of McElrath et al.
(17). Chorioamnionitis was found to be increase with increas-
ing latency due to ascending trans-cervical infection, but it
was suggested that ascending infection after PROM did not
affect neonatal brain damage. We suggest that conservative
management reduces respiratory distress syndrome due to
premature lung maturation and a low birthweight without
increasing the risk of neonatal brain damage, and the risk of
neonatal brain damage is increased in the presence of an intra-
uterine infection due to ascending infection before PROM.
Diagnostic methods of intrauterine infection include amni-
otic fluid culture and placental pathologic examination. How-
ever, these methods are invasive, and in particular, placental
pathologic examination is used only after delivery, and has
limited to before delivery. Recently, several studies has been
reported upon diagnostic methods of intrauterine infection
is found. In Korea, Yoon et al. (18) and Kim and Yoon (19)
reported that amniotic fluid interleukin-6 and amniotic fluid
WBC count are a sensitive test for the prospective diagnosis
of acute histologic chorioamnionitis and for the identification
of neonates at risk of significant morbidity and mortality. We
found that 4 pPROM patients were diagnosed as having clin-
ical chorioamnionitis before delivery. However, 25 pPROM
patients was diagnosed as histologic chorioamnnionitis after
delivery. Three pPROM pateints (12%) with clinical chori-
oamnionitis was diagnosed as histologic chorioamnionitis.
This result was lower than reported by Yoon et al. (41%) (18).
It is suggested that in patients with expectant management
without symptoms of clinical chorioamnionitis, the delay of
delivery is risk of intrauterine infection. Thus, accurate, rapid
and less invasive diagnostic methods of intrauterine infection
before delivery are required.
Intraventricular hemorrhage and periventricular leuko-
malacia have a strong association with subsequent develop-
ment of cerebral palsy. Although the cause of cerebral palsy
is uncertain, it has been reported that white matter damage
is an important cause (20, 21). Several studies about the rela-
tionship between histologic chorioamnionitis and neurologic
sequelae such as cerebral palsy or neurodevelopment impair-
ment of infants have been reported (22-25). However, no stud-
ies of the relationship between cerebral palsy or neurodevel-
opemental impairment of infants and latency after pPROM
have been reported. 
This study has several limitations. First, this is a cohort of
women who have been evaluated retrospectively. Although
they were managed by a uniform policy of expectant manage-
ment with standardized protocols for steroid and antibiotic
administration and antepartum fetal surveillance, each was
cared for by variety of different caregivers. The ultimate deci-
sion to proceed with delivery is often dependent on the atten-
ding physician’s decisions. This could have biased our results.
Second, adverse long term neurologic sequelae such as cerebral
palsy and neurodevelopemental impairment are not observed
in pregnancies complicated by prolonged pPROM. Additional
research needs to be evaluated the relationship between the
latency interval and long term neurologic sequelae.
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